The primary objective of this study was to determine if certain behavior traits were genetically correlated with reproduction. If 1 or both of the behavior traits were found to be correlated, a secondary objective was to determine if the behavior traits could be useful in selecting for more productive females. A scale activity score taken at 5 mo of age and a farrowing disposition score taken at farrowing were selected as the behavioral traits. Scale activity score ranged from 1 to 5 and farrowing disposition ranged from 1 to 3. Reproductive traits included age at puberty, number born alive, number born dead, litter birth weight, average piglet birth weight, number weaned, litter weaning weight, average weaning weight, wean-to-estrus interval, ovulation rate including gilts, and postweaning ovulation rate. Genetic correlations between scale activity score and reproduction ranged from −0.79 to 0.61. Three of the correlations, number born alive (P < 0.01), average piglet birth weight (P < 0.001), and wean-to-estrus interval (P = 0.014), were statistically significant but included both favorable and antagonistic correlations. In contrast, all but 1 of the farrowing disposition correlations was favorable and ranged from −0.66 to 0.67. Although only the correlation with litter birth weight was significant (P = 0.018), the consistent favorable direction of all farrowing disposition correlations, except average weaning weight, shows a potential for inclusion of farrowing disposition into a selection program.
INTRODUCTION
Reproductive failure between replacement gilt selection and second-parity mating results in culling and decreased herd productivity. The ability to better identify young females with superior reproductive potential would have a major economic impact on swine production. Even though litter size has been the dominant reproductive trait for selection for many years, the antagonistic genetic correlation between number born alive (NBA) and piglet survival (Lund et al., 2002; Grandinson et al., 2003) contributed to less than acceptable female reproductive performance. Selection for leanness, growth, and feed efficiency traits has had a negative effect for both reproduction traits and piglet survival Cameron, 1995, 1996; Holm et al., 2004; Imboonta et al., 2007) .
The literature contains limited information regarding swine behavior and how behavior affects reproductive performance of the adult animal. Hessing et al. (1993 Hessing et al. ( , 1994 reported that indicators including backtest, heart rate, and open-field responses obtained early in life were indicative of coping characteristics in adult pigs. Similarly gilts subjected to a single backtest between 10 and 17 d of age were categorized as either high-or low-resisting (Geverink et al., 2004) . It was suggested that high-resisting females at 13 mo of age had more difficulty adapting to environmental alterations.
The primary objective of this study was to apply 2 swine behavior tests and determine if behavior traits were genetically correlated with reproductive traits. The first behavior test was taken at 5 mo of age as the gilts approached market weight and the second test 1 d after farrowing. The direction, magnitude, and significance of the genetic correlations between behavior traits and reproductive traits will determine if the behavior tests would be useful as an aid to selection.
MATERIALS AND METHODS
The experimental procedures were approved and performed in accordance with the US Meat Animal Research Center's Animal Care Guidelines and the Guide for Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999) .
Animals
A composite population was developed in 2001 using Yorkshire, Duroc, and 2 sources of Landrace (LDY) breeds. With the exception of full-and half-sib matings, matings were random. Twelve original sire lines were maintained and semen from all sire lines was used to produce approximately 600 litters per generation. Additional details of the development of this population have been reported previously (Holl et al., 2008) . All gilts available at 5 mo of age from 2006 through 2009 were used for this study.
Data
The 6,121 LDY gilts received a scale activity score (AS) for behavioral tendencies at approximately 154 d of age during a scheduled weighing. Animals were scored from 1 to 5 while confined to the scale and each animal was scored by 1 observer. This behavior testing was described in greater detail by Holl et al. (2010) . A description of rated activity is as follows: 1) Remains calm with little or no movement; 2) Walks forward and backward at a slow pace; 3) Continuously moves forward or backward at a rapid pace; 4) Continuously moves forward or backward at a rapid pace with vocalization; and 5) Continuously moves forward or backward at a rapid pace with vocalization and attempts to escape.
Intermediate activity was scored on 2.2% of the gilts using scores of 1.5, 2.5, 3.5, and 4.5. These scores were rounded up before the analysis. The distribution of AS after rounding is shown in Table 1 .
One hundred and fifty females were inseminated during each breeding season to produce approximately 120 litters. Females were scored for behavioral tendencies up to 24 h after farrowing during morning piglet processing by a single observer. Animals were scored based on farrowing disposition (FD; n = 1,606) from 1 to 3 while in the farrowing crate. A description of FD is as follows:
1) Quiet and careful with her litter; 2) Nervous; score affected by number of piglets laid on before processing; and 3) Agitated or may have required sedation if biting piglets during or before processing.
Although the exact time of farrowing was often not known, the number of laid on pigs when combined with approximate time of farrow could influence the final score. Thus, fewer laid-on pigs were allowed in code 1 and code 2 in early morning farrowings versus farrowings during the previous late afternoon. The distribution of FD is shown in Table 2 .
Various phenotypic traits were recorded for subsets of behavior-scored animals, including age at puberty (AP), recorded at first-detected estrus (n = 1,668); NBA (n = 1,471); number born dead (NBD), defined by the location where the dead pig was found (n = 1,471); litter birth weight (LBW; n = 1,469), average piglet birth weight (ABW; n = 1,469), number weaned (NW), adjusted for transfers (n = 1,408); adjusted litter weaning weight (LWW; n = 1,408); adjusted average pig weaning weight (AWW; n = 1,408); wean-to-estrus interval (WEI; n = 1,402); ovulation rate postweaning (OR; n = 844); and ovulation rate, including both postweaning and data collected on nulliparous gilts between the ages of 178 and 234 d (ORG; n = 1,088). The number of records in each data set dif- Animals were scored from 1 to 5 with the following score definitions: 1 = remains calm with little or no movement; 2 = walks forward and backward at a slow pace; 3 = continuously moves forward or backward at a rapid pace; 4 = continuously moves forward or backward at a rapid pace with vocalization; and 5 = continuously moves forward or backward at a rapid pace with vocalization and attempts to escape. Animals were scored from 1 to 3 with the following score definitions: 1 = quiet and careful with her litter; 2 = nervous (score affected by number of piglets laid on before processing); and 3 = agitated or may have required sedation if biting piglets during or before processing.
fered because all traits were not measured in all birthyear-seasons of the sow (such as AP), data could only be collected once during a lifetime (ORG and OR) because it was collected at slaughter, or not all covariates were available on all animals. Holl et al. (2010) estimated genetic parameters among AS, growth, and fatness using the youngest one-third of the animals included in this study. The authors analyzed the data using both a linear model and a threshold model. The authors found the heritability estimate of AS using the threshold model to be greater than the estimate found using the linear model. The authors found all other genetic parameters to be similar between the 2 models and chose to publish only the results from the linear model; R. L. Fernando (Iowa State University, Ames, personal communication) stated that, in his experience, analyzing categorical traits using linear models gives almost the same results in most situations. Using the data from this study, heritabilities for AS and FD were estimated separately using ASReml (VSN International Ltd, Hemel Hempstead, UK) with categorical models and heritability was found to be 0.01 less for AS and 0.01 greater for FD than was found with linear models. After due consideration, all statistical computations were completed using linear models.
Statistical Analyses
Three distinct models were fit using MTDFREML (Boldman et al. 1995) . The model fitted for FD and WEI was
where y represents a vector of observations; b is a vector of fixed effects; a is a vector of random additive genetic effects of animals, which is assumed to be distributed N 0 2 , , A a σ ( ) where A is the numerator relationship matrix among animals; and e is a vector of residual effects, which is assumed to be distributed N 0
where I is the identity matrix. The incidence matrix X relates records to fixed effects and incidence matrix Z relates records to additive genetic effects.
In the model fitted for AS, AP, OR, and ORG, the model was modified by adding Wl to become
where l is a vector of litters, assumed to be distributed N 0 2 , I I σ ( ) and uncorrelated with other random effects;
and the incidence matrix W relates records to litter effects.
In the model fitted for the farrowing and weaning traits, the model was modified by substituting Wsl for Wl to become
where sl is a vector of sire of litter, assumed to be distributed N 0 2 , I sl σ ( ) and uncorrelated with other random effects; and the incidence matrix W relates records to sire of litter effects. Heritabilities were estimated from a series of singletrait analyses with birth-year-season as a fixed effect for pre-farrow traits, and farrow-year-season of the litter and parity as fixed effects for farrowing and postfarrowing traits. The NBA was adjusted for parity, and LWW and AWW were adjusted to a standard 21-d weaning age, a standard number of pigs after transfer of 10, and parity using adjustments published by the National Swine Improvement Federation (NSIF, 1997).
The covariate (adjusted 154-d BW, D154WT) was generated by adjusting BW to 154 d using the formula from NSIF (1997) Additional covariates of backfat at 110 d of gestation, and the BW and backfat of the sow at weaning were adjusted using linear adjustments generated from the data set. Nongravid BW 1-d post-farrowing (NGWT), when missing, was estimated based on a regression analysis of BW taken around 110 d of gestation and the days between when that BW was taken and when a nongravid post-farrowing BW was taken on a large subset of this data (n = 1,172).
The above covariates and additional covariates including gestation length, weight change from d 110 to weaning, number nursed, lactation length, and age at ovulation were included in relevant analyses (Table 3) . Covariates were selected for inclusion based primarily on 3 factors as they related to the trait or group of traits (i.e., birth traits) to be analyzed in the model. These factors included covariates measured during an appropriate time period, covariates having an appropriate biological basis, and covariates being statistically significant. Correlations were estimated using models that included either AS or FD, and each of the reproductive traits taken one at a time. Each model was fit using the appropriate fixed effects for each trait as described in Table 3 .
RESULTS
Estimates of variance components are shown in Table  4 . Estimates for the litter variance were very small for both FD and WEI, and were not included in final analyses. Heritability was estimated by the formula Table 4 . The estimates of heritability with SE and tests of significance are shown in Table 5 . Standard errors were calculated by MTDFREML (Boldman, et al. 1995) using methods described by Lynch and Walsh (1997) .
Genetic correlations of AS and FD with reproduction are shown in Figures 1 and 2 . Any genetic correlation that is different from 0 is assumed to indicate that both traits are at least partially controlled by 1 or more of the same or closely linked genes. The negative correlation does not indicate that it is antagonistic but simply indicates that as 1 trait becomes smaller, the other becomes larger. Calmer (code 1 FD or AS) animals are assumed to be desired. When FD is genetically correlated with a second trait (NBD) that is also desired to be small (0 dead pigs), then we would hope that the correlation would be a positive number. When FD is genetically correlated with a second trait (NBA) that is desired to be large (many pigs), then we would hope that correlation to be a negative number. In both examples, the correlations are favorable. When a genetic correlation is favorable, has sufficient magnitude (normally >0.2 or <−0.2), and is statistically significant, then the trait (in our case, FD or AS) could be considered for inclusion in a selection program. Figure 1 presents those correlations that, if positive, would have been favorable. The correlations of AS with NBD (0.61, P = 0.13) and FD with WEI (0.67, P = 0.14) were large and positive, showed potential for selection, but were not significant. In contrast, the correlation of AS with WEI (−0.79, P = 0.014) was large, significant, but antagonistic. This genetic correlation would diminish the potential for AS to be included in a selection program. The 4 remaining genetic correlations of AS with FD and AP, and FD with AP and NBD were all nonsignificant, ranged from 0 to 0.22, and would not hinder a selection program, although the correlation of FD with NBD could possibly help. Figure 2 presents those correlations that, if negative, would be favorable. The correlations of AS and FD with NBA were both large, favorable, and significant (−0.53, P = 0.005 and −0.51, P = 0.079, respectively).
Genetic correlations of AS and FD with NW were large and favorable (−0.38 and −0.66) but only the correlation with AS approached significance (P = 0.077). These 2 correlations also suggest favorable relationships. The remaining genetic correlations of AS with re- Table 3 . Fixed effects included in the statistical models productive traits found in Figure 2 were either small or positive, demonstrating little potential for contribution to a selection program. The estimates for LBW and ORG were 0.09 and −0.10. The correlation of AS with ABW (0.53, P = 0.0001) was large and very highly significant. The remaining AS correlations were moderate in magnitude but only LWW approached significance (0.33, P = 0.083).
In comparison, all but one of the correlations with FD were negative and desirable. These include genetic correlations of FD with LBW (−0.64, P = 0.018), ABW (−0.27), LWW (−0.13), AWW (0.17), and OR (−0.34). There was no correlation with ORG because FD was not measured on gilts.
DISCUSSION

Variance Components
Estimates of the sire of the litter (or service sire) variance σ sl 2 ( ) were in the range of NBA estimates calculated by van der Lende et al. (1999) and also in line with values summarized from other sources by van der Lende et al. (1999) . Chen et al. (2003) estimated service sire variance for NBA, NW, and LWW from 450,000 records of the Yorkshire, Duroc, Hampshire, and Landrace breeds. Estimates from the current study for NBA were similar to those of the breed with the smallest NBA (Hampshire) but much smaller for NW and LWW. See et al. (1993) estimated service sire effects for NBA in Hampshire, Spotted, and Landrace breeds that are similar to the sire of the litter variance effects found in this study. Serenius et al. (2003) estimated paternal heritabilities (sire of the litter effects) to be 0.012 and 0.008 for the Large White and Landrace breeds. These estimates were less than those found in the current study.
Heritability
The heritability value for AS was 0.15, which was less than the 0.23 found by Holl et al. (2010) who evaluated an early and smaller data set from the same population. A heritability estimate for carelessness against her piglets the first 2 wk of lactation, a trait similar to FD, was found to be 0.05 in Norwegian Landrace herds (Vangen et al., 2002) , similar to the 0.06 found in this study for FD. The Norwegian nucleus data set was expanded and a new estimate of 0.00 (almost zero) was generated for carelessness as well as an estimate of 0.00 (almost zero) for Finnish nucleus herds (Vangen et al., 2005) . Heritability was also estimated from 4 additional behavior traits in both data sets and 2 traits, scream (0.16 and 0.12) and fear (0.14 and 0.17), were found to be significant. Grandinson et al. (2003) studied 4 sow behavior traits scored similar to FD. The authors estimated heritability to be 0.06 for the reaction of the sow to a piglet scream, 0.01 for her reaction to her piglets being handled, 0.08 for avoidance, and 0.08 for aggression toward the stockperson. Kerr and Cameron (1995) estimated heritability for 4 reproductive traits, including number born (0.06) and LBW (0.11), both less than the estimates in the current study of 0.12 and 0.18, respectively. Also estimated were 0.08 for NW, and 0.14 for LWW. The estimate for NW was similar to 0.11 found in the current study but LBW was less than the 0.22 found in this study.
Estimates of heritability for several female reproductive traits were summarized by Rothschild and Bidanel (1998) . Their heritability estimate of 0.33 for AP was greater than the 0.19 found in the current study, 0.09 for NBA was similar to 0.12 from this study, 0.07 for NW was similar to 0.11, 0.29 for LBW was greater than 0.18, 0.17 for LWW was similar to 0.22, and 0.25 for WEI was much greater than the 0.02 found in the current study. Holm et al. (2004) found estimates for heritability for age at first mating of 0.37 much greater than AP from this study, NBA of 0.10 similar to the current study, and WEI in close agreement with this study. Chen et al. (2003) estimated heritabilities using 2 models and 4 separate lines to estimate 8 heritabilities Figure 1 . Genetic correlations among scale activity score (AS) and farrowing disposition (FD) with reproductive traits (a positive sign indicates a favorable change in reproductive traits when behavior traits decrease in score). AP = age at puberty; NBD = number born dead; WEI = wean-to-estrus interval. *P < 0.05. Figure 2 . Genetic correlations among scale activity score (AS) and farrowing disposition (FD) with reproductive traits (a negative sign indicates favorable change in reproductive traits when behavior traits increase in score). NBA = number born alive; LBW = litter birth weight; ABW = average piglet birth weight; NW = number weaned; LWW = litter weaning weight; AWW = average weaning weight; OR = ovulation rate (postweaning); and ORG = ovulation rate (including gilts). †P < 0.10; *P < 0.05; **P < 0.01; ***P < 0.001.
for each trait and found NBA, LWW, and NW to be less than the estimates found in this study. Damgaard et al. (2003) estimated a heritability of 0.12 for NBA similar to the current study, 0.39 for ABW similar to the current study, and 0.19 for AWW, which was much less than the 0.38 found in the current study.
The AWW was the only trait whose heritability consistently deviated from those generally found in the literature. Considerable variation among many heritability estimates were found in the literature. Genetic differences between the populations studied, genetic change over the past 15 yr, different statistical models, and different statistical software all have contributed to those differences.
Genetic Correlations
Genetic correlations between AS and reproductive traits were not found in the literature. A favorable genetic correlation between AS and growth, and an antagonistic correlation with fatness were reported by Holl et al. (2010) . Fear induced by exposure to humans and anxiety induced by novel environmental changes measured at 8 wk of age were evaluated for relationships with later reproduction by Janczak et al. (2003) . The authors found that fear was associated with longer durations of farrowing, larger variation in inter-birth intervals, and a greater number of piglets dying without milk in their stomachs. The duration of farrowing was positively correlated with a greater number of stillborn and a greater number of live born piglets dying within 3 wk of age. Anxiety was only associated with a larger number of stillborn. Numerous other behavior characteristics including backtest scores, residentintruder test scores, human approach tests, and novel environment tests have been studied on young swine and compared with performance up to and occasionally including slaughter. None of those tests found in the literature included measurements of any reproduction traits. Vangen et al. (2002) studied 11 different sow behavior traits and calculated genetic correlations with NBA. A favorable correlation was found between a trait similar to FD, carelessness against her piglets during the first 2 wk of lactation, and NBA (−0.49). This estimate was almost identical to the estimate of −0.51 in the current study. Three other traits including reaction to the screaming of piglets when handled, fear during routine management, and aggressiveness during routine management were all suggested as possible candidates for selection. Irvin (1997) found a highly significant and favorable correlation between overall mothering score and NBA (−0.37), smaller than the estimate in this study (−0.51) . Four behavior traits, including the reaction of the sow to a piglet scream, reaction to her piglets being handled, avoidance of the stockperson, and aggression toward the stockperson, were evaluated and correlated with mortality of live born and percent crushed. The authors suggested that selection for sow behavior could improve piglet survival, and sow and piglet welfare.
Aggressive behavioral characteristics among pregnant primiparous pigs were studied by Mendl et al. (1992) . The authors concluded that gilts exhibiting intermediate aggression had the least LBW (P = 0.03). The genetic correlation between FD and LBW of −0.64 found in this study indicates a somewhat similar relationship. Other traits measured at parturition during that experiment were not statistically significant. Irvin (1997) found a highly significant estimate for the correlation of mother score with NW of −0.64, almost identical to the −0.66 found in this study. The estimates for LBW and ORG were 0.09 and −0.10. The correlation of AS with ABW (0.53) was large, whereas the remaining AS correlations were moderate in magnitude. Irvin (1997) found a highly significant and favorable correlation between sow temperament with offspring and LWW (−0.20). Overall mothering score was also studied and highly significant favorable correlations were found with ABW (−0.28), and LWW (−0.20). The author stated that behavior in sows could be measured subjectively, and was significantly associated with objectively measured reproduction traits, and could be used to enhance evaluation accuracy. The favorable correlations indicated that more progress in genetic selection for ABW and LWW could be obtained by adding overall mothering score to the selection process.
Conclusions
The primary objective of this study was to determine if behavior traits were genetically correlated with reproduction. In this study, 15 of 21 genetic correlations were found to be of sufficient magnitude (>0.20 or <−0.20) and 7 of the 15 were significant. The secondary objective was to determine if the remaining 7 genetic correlations could be useful in selecting for more productive females. Two AS correlations were favorable and 3 were not. This would normally eliminate AS from further consideration. However, if AS is already involved in selection because of the correlation with growth or backfat, then a study of the economics of each of the favorable and antagonistic traits would clarify whether continued inclusion of AS in a selection program should be considered.
The lack of variation in FD scores may have prevented more significant genetic correlations from being found in this study. Perhaps FD could be redefined to provide more variation than demonstrated by scores of 1, 2, and 3. If the quiet and careful score for FD was split into 3 or more subcategories, additional variation in FD may be found. The possibility of making number of pigs laid on an important part of the definition of FD may achieve that goal. Others have suggested that sow behavior traits may be possible candidates for selection, which supports the inclusion of FD in a selection program. Assuming the new genetic parameters calcu-lated for FD were similar in direction and magnitude and greater in statistical significance than the current estimates, using FD could become a viable aid in selection. The consistent favorable direction of all FD correlations except with AWW (0.17) would enhance placing FD in a selection strategy.
